Polarized and Resonant Raman scattering (PRS, RRS) have been carried out in microcrystals of MgB 2 at room temperature in order to study the symmetry of the broad E 2g phonon and its coupling to electronic states. We observe a breakdown of the polarization selection rules when the medium is excited with the 2.41 eV laser line. The RRS experiments show that this breakdown is associated to the resonant behavior of the E 2g mode. These results may be understood in terms of band structure calculations. These calculations predict a strong coupling between the E 2g modes and the B-σ bands. Unpolarized Raman scattering measurements between 10 − 300 K in polycrystalline MgB 2 using the resonant line of 2.41 eV show the expected anharmonic decay of the linewidth for the E 2g mode and its energy remains the same below and above the superconducting critical temperature. These results indicate that the E 2g phonon may not play an important role in the 1 electron-phonon coupling mechanism of superconductivity in this material. 74.25.Jb,74.25Kc,63.20.Kr Typeset using REVT E X 2 Raman spectroscopy is an excellent technique to investigate low energy elementary excitation in high temperature superconductors (HTS). It was one of the first spectroscopic techniques to reveal both, the existence of the superconducting gap and its strong coupling to some of the Raman active phonons.
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74.25.Jb,74.25Kc,63.20.Kr
Typeset using REVT E X Raman spectroscopy is an excellent technique to investigate low energy elementary excitation in high temperature superconductors (HTS). It was one of the first spectroscopic techniques to reveal both, the existence of the superconducting gap and its strong coupling to some of the Raman active phonons. [1] The recent discovery of superconductivity at T c ∼ 40 K in MgB 2 [2] have attracted much interest and stimulated the use of Raman scattering to investigate and characterize the electronic and phononic excitations in this material. The change in the phonon self-energy between the normal and superconducting state in HTS is of particular interest. For instance, it has been related to the coupling of phonons to the opening of the superconducting gap. [3, 4] Since the discovery of superconductivity in MgB 2 several papers have discussed the possibility that the E 2g Raman active phonon could be a frozen-in mode, strongly coupled to the B-σ electronic bands near the Fermi level. [5] [6] [7] [8] As a result of this rather strong coupling it is expected that the E 2g phonon will be highly anharmonic presenting a very large linewidth. Besides, theoretical calculations indicate that the strongest electron-phonon coupling arises from the E 2g modes along the Γ − A line, and it is predicted a 12% hardening below T c . [7] The structure of MgB 2 is hexagonal with space group P/6mm (D 4 6h ). The B atoms are located at a primitive honeycomb lattice consisting of graphite-type sheets. The B 2 -layers are intercalated with Mg-layers that also form a honeycomb lattice with a Mg atom in the center. For this space group, factor-group analysis predicts four modes at the Γ point : E u + A 2u + E 2g + B 1g , where only the E 2g mode is Raman active and the B 1g mode is Raman silent. The E 2g phonon is a doubly degenerate in-plane B-B bond-stretching mode [7] with the nonvanishing Raman tensor elements (α xx −α yy ) and α xy . First principles lattice dynamics calculations indicate that these modes would be observed at 327 cm −1 (E u ), 405 cm −1 (A 2u ), 572 cm −1 (E 2g ) and 702 cm −1 (B 1g ). [8] In this paper we present two sets of experiments in MgB 2 . The first one corresponds to Polarized Raman scattering (PRS) and Resonant Raman scattering (RRS) performed at room temperature in microcrystals using a micro Raman setup. In the second one we use a macro Raman setup to perform Unpolarized Raman scattering (URS) in polycrystalline samples to study the temperature dependence of the frequency and linewidth of the E 2g phonon.
We have prepared a weakly sintered sample of MgB 2 , starting with a stoichiometric mixture of Boron and Magnesium as describe elsewhere. [9] In order to get microcrystals the MgB 2 powder was spread on a glass substrate and gently washed with acetone in order to dissolve impurities and eliminate the MgB 2 fine powder. With this method we got a set of 40x30x5µm 3 clean microcrystals. The MgB 2 polycrystalline sample was prepared in sealed Ta tubes as described previously [10] . X-ray powder diffraction analysis confirmed single-phase purity and an AlB 2 -type structure for our MgB 2 samples. The transition temperature,T c , for the microcrystals were found to be 39 K (see ref. were selected following the Kostner's choice, [11] and are shown in the inset of Figure 2d for a typical honeycomb crystal where the a-axis is parallel to the side of the honeycomb and the c-axis parallel to the minor dimension of the crystal. [9] Taking into account the Raman tensors for the E 2g mode and in analogy with graphite, we expect a polarization independent scattering in the x, y plane and no peak in the a, c plane. [12] Our measurements in the a, c plane show a completely vanishing Raman efficiency scattering. However, in the x, y plane we observe a broad band at about 630 cm −1 associated with the E 2g phonon, in agreement with others reports (see for example ref. [8] ). The common trend shown in Figures 2a, b and c, is that the intensity of this broad band is greater for cross polarization than for parallel one. Figure 2d presents the z(x,x)z and z(y,x)z polarization geometries. Note that the previous trend has been changed, now in the z(y,x)z scattering configuration the broad band is completely vanished. These results indicate a complete breakdown of the polarization selection rule for the E 2g mode in the D 4 6h point group symmetry. It is known that in resonance conditions new kinds of phenomena may occur, breakdown of selection rules, multiple scattering by an excitation, and scattering by excitations normally forbidden by selection rules. [13] To study the possibility of the selection rules breakdown be caused by resonance, we performed RRS using the 1.95 eV excitation line of the He-Ne laser on several microcrystals for all polarizations and compared the obtained spectra with those of Figure 2 for the 2.41 eV excitation line. Since for both excitation lines the efficiency of the CCD detector and holographic gratings in the T 64000 spectrometer are comparable, and the incident power on the sample was kept the same, a direct comparison between the observed signal intensities is allowed. The measurements reveal a strong increase in the Raman efficiency for the energy excitation of 2.41 eV and a very low signal when we reduce the energy to 1.95 eV. Besides, as expected for the E 2g mode, we notice that when using the 1.95 eV line the broad peak at 632 cm −1 is polarization independent in the x, y plane and no peak is observed in the crystal side ( a, c plane). A representative result is shown in Figure 3a for the z(x, x)z configuration. These results yield us to conclude that the E 2g mode presents a resonant enhancement of the scattering efficiency near ∼ 2.41 eV. In view of the band structure calculations of Kortus et al [14] we suggest that the resonance involve electronic transitions across the energy gap of ∼ 2.5 eV at the Γ point. The band structure have a B-p dominant character and several works [6] [7] [8] 14] are postulating that the E 2g mode is a frozen-in mode strongly coupled to the B-σ bands. Our results gives support to this approach and explaining the unusual broadness of this phonon. The anomalous large linewidth (∼ 275 cm −1 ) may be, then, attributed to the opening of several channels of decay due to the coupling with the B-σ bands. Now, among the active phonons the E 2g mode is considered the most prominent candidate to dominate the electron-phonon coupling. [6] [7] [8] 14] Due to its large coupling constant to the electronic band, Liu et al. [7] predicted a 12% hardening of the phonon frequency below T c , i.e., ∆ω ≈ 76 cm −1 , which should be easily measured in our Raman experiments. Figure 4a shows that the phonon frequency does not present any change between the normal and superconducting state, i.e., neither softening nor hardening occurs between 10 and 300 K. Besides, Figure   4b shows that no anomalous temperature dependence of the linewidth is observed for this phonon. The dashed line in Figure 4b indicates the predicted linewidth behavior due to the anharmonic decay into two phonons with opposite q-vectors, each one having a frequency close to ω υ /2.
[15] These results are somehow surprising in view that several theoretical models predict that for a rather strong electron-phonon coupling it is expected that the phonon should soften or harden below T c , depending on whether the phonon frequency is higher or lower than twice the superconducting energy gap, 2∆ 0 . Also, the phonon linewidth should change in the superconducting state; phonons with energy below 2∆ 0 should sharpen and phonons with energy above 2∆ 0 should broaden. [3, 4] This behavior has been observed in most of the HTS. [16] [17] [18] In summary, our results indicate a resonant behavior for the E 2g phonon at ∼ 2.5 eV, and the resonant behavior is presumably responsible for the complete breakdown of the polarization selection rules when the energy excitation of 2.41 eV is used. Besides, this resonant behavior may reveal the strong coupling between this mode and the B-σ bands.
We should mention that for a more precise determination of the resonance energy other laser excitation lines must be used. Finally, the temperature dependence of the frequency and
linewidth of E 2g mode shows no anomaly at T c , revealing that the importance of the E 2g phonon in the electron-phonon mechanism of superconductivity in MgB 2 has to be revised.
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